International regulations and environmental performance by Yörük, B. & Zaim O.
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=raec20
Download by: [Bilkent University] Date: 09 November 2017, At: 05:37
Applied Economics
ISSN: 0003-6846 (Print) 1466-4283 (Online) Journal homepage: http://www.tandfonline.com/loi/raec20
International regulations and environmental
performance
Barış K. Yörük & Osnman Zaim
To cite this article: Barış K. Yörük & Osnman Zaim (2008) International regulations
and environmental performance, Applied Economics, 40:7, 807-822, DOI:
10.1080/00036840600749821
To link to this article:  http://dx.doi.org/10.1080/00036840600749821
Published online: 11 Apr 2011.
Submit your article to this journal 
Article views: 111
View related articles 
Citing articles: 4 View citing articles 
Applied Economics, 2008, 40, 807–822
International regulations and
environmental performance
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This article employs the data envelopment analysis (DEA) approach to
compute the environmental performance of all but two Organisation for
Economic Co-operation and Development (OECD) countries. It is found
that although the environmental performance of countries differs over time,
Poland and Hungary are the two best performers for all periods while Italy,
Japan, Austria and Switzerland are ranked among the worst. The effect of
international regulations and some observed characteristics of countries on
environmental performance are also investigated. International regulations
are reported to have a positive effect on environmental performance.
I. Introduction
Increased awareness on environmental quality has
prompted policy makers to adopt accurate measures
and consider environmental impacts of their policy
choices in the formulation of different economic
policies. This not only prompts countries to measure,
document and publish information about their
environmental performance, but also brings propo-
sals for a better environmental quality to interna-
tional arena. OECD has a long-standing programme
addressing environmental trends and their effects on
economic policies. It undertakes outlooks of environ-
mental trends, and works with its member countries
to develop principles, guidelines and strategies for an
effective management of the main environmental
problems they face. Successful integration of envir-
onmental policies with sectoral and other economic
policies is important to ensure that environmental
policy goals are reached and the implications of other
policy measures on the environment are addressed.
Hence, as an initial step, accurate assessment of
environmental trends and development of measures
that will internalize negative externalities is essential
for a successful environmental management in
OECD.
In developing accurate environmental performance
measures, an initial approach taken by international
institutions such as the World Bank and OECD was
based on either descriptive environmental indicators
(e.g. measures of dissolved oxygen in water, sus-
pended particular matter in air, soil salinization, etc.),
or performance-based environmental indicators,
which are measured against some physical threshold
or normative policy goal (e.g. measures of compliance
with international treaties or target levels of energy
use per unit of output). However, these measures
emphasize only environmental damage and losses
without reconciling economic achievement with
environmental goals. Owing to this fact, many
recent studies propose alternative methodologies to
investigate the impact of environmentally hazardous
by-products using both micro and macro level data
sets.
Recent literature on the measurement of environ-
mental performance includes different methodologies
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that range from econometric estimation techniques to
various optimization tools. Compared to other
competing alternatives, nonparametric techniques
and index number theory come up to be an attractive
tool because of the advantages they possess.
Obviously, the most useful and important advantage
of this kind of approach is its convenience to allow
one to make cross observation and over time
comparisons easily. Moreover, in contrast to alter-
native approaches of its kind, this methodology
allows for the construction of quantity indices with-
out the need for price information on either inputs or
outputs; therefore let one to proceed without
constructing shadow prices.1
In his seminal paper, Farrell (1957), shows that
how productive inefficiency and its components
allocative and technical inefficiencies can be mea-
sured within a theoretically meaningful framework.
Later, Färe et al. (1994) argue that how one can
further decompose Farrell’s measure of technical
efficiency and extract information on the output loss
due to deviations from optimal scale and congestion.
This literature,2 known as ‘production frontiers’, is
extensively covered in Shephard (1970), Färe et al.
(1985) and Fried et al. (1993). In evaluating environ-
mental performance and constructing the efficiency
indices, two competing methodologies need to be
mentioned. These are stochastic frontier estimation
and data envelopment analysis (DEA). Both
approaches are quite favourable in the literature.
For example, Reinhard et al. (1999) employ a
stochastic frontier approach to construct an environ-
mental efficiency index on an application to Dutch
dairy farms while Ball et al. (1994) adapt the DEA
methodology to measure environmental performance
in US agriculture. Alternatively, Tyteca (1997)
develops an environmental performance indicator
based on the decomposition of factor productivity
into a pollution index with an application to data
from US fossil fuel-fired electric utilities. Later,
Reinhard (1997) employs both stochastic frontier
estimation and DEA to show the pros and cons of
two methods.
There are also alternative approaches according to
the selection of the type of the efficiency measure in
the studies that employ DEA framework.3 Färe et al.
(1986, 1996) use radial measures of technical effi-
ciency to compute a desirable output loss that stems
from reduced disposability of undesirable outputs. In
the latter work, they rely on the comparison of two
input(output)-oriented radial technical efficiency
scores; one accounts for the production of envir-
onmentally undesirable outputs and the other which
completely ignores the production of pollutants with
desirable outputs.
As opposed to the radial measure, the alternative
efficiency measure is a hyperbolic measure of
technical efficiency, which is suggested by Färe
et al. (1989). Their measure of technical efficiency
allows for simultaneous equiproportionate reduction
in undesirable outputs (bads) with an expansion of
desirable outputs (goods). The importance of this
measure is to compute the opportunity cost of
transforming the production process from one
where all outputs are strongly disposable to the one,
which is characterized by weak disposability of
undesirable outputs. Later, hyperbolic measure of
technical efficiency is employed in constructing
environmental efficiency indices in the studies of
Zaim and Taskin (1999), and Taskin and Zaim
(2000). They employ this measure to construct an
environmental efficiency index and measure the
environmental performance of OECD countries.
In contrast to the studies cited, this article, using
nonparametric techniques, employs an environmental
performance index based on the well established
methodology in a series of recent articles (Zaim et al.,
2001; Färe et al., 2004; Zaim, 2004). Basically, this
index is defined as the ratio of two indices, namely
good (desirable) output quantity index and bad
(undesirable) output quantity index. Similar to the
well-known Malmquist index (Malmquist, 1953;
Caves et al., 1982), both indices are developed using
DEA framework and distance functions approach.
However, in contrast to the Malmquist index, our
indices employ sub-vector distance functions since
they scale the good and bad outputs separately.
The indices also satisfy various properties of index
numbers due to Färe and Primont (1995) as well as
the theoretical underpinnings established in Diewert
(1981).
The organization of this article is as follows:
Section II introduces the preliminaries for the
theory of joint production of desirable and undesir-
able outputs and then proposes the methodology to
construct the environmental performance index
1 For the derivation of shadow prices for undesirable outputs, refer Färe et al. (1993).
2A comprehensive literature review can be found in Tyteca (1996).
3Data envelopment analysis approach is also employed under different contexts. Sengupta (2002), Womer (2003), and
Piot-Lepetit and Vermersch (1997) are the recent examples that appeared in this journal.
































employed in this study. Section III is reserved for the
presentation of data and the results. Section IV
investigates the country-specific factors that may
affect the environmental performance and presents a
discussion of the empirical results. Finally, Section V
concludes.
II. Joint Production of Desirable
and Undesirable Outputs
To describe the theoretical underpinnings of the
model employed, let us denote desirable outputs by
y ¼ ðy1, . . . , yMÞ 2 R
M
þ and undesirable outputs by
b ¼ ðb1, . . . , yIÞ 2 R
I
þ. Therefore, the output set (y, b)
is produced by the input set x ¼ ðx1, . . . , xNÞ 2 R
N
þ.
Then, technology can be described via its output set:
T ¼ fðx, y, bÞ : x can produce ðy, bÞg ð1Þ
In words, for each input vector
x ¼ ðx1, . . . , xNÞ 2 R
N
þ, the technology set includes
all the combinations of good and bad outputs or the
output set (y, b), which can be produced by the vector
of inputs. Technology set is also known as the output
set P(x) or can be represented by the input set L(y, b)
such that:
ðx, y, bÞ 2 T, ðy, bÞ 2 PðxÞ , x 2 Lðy, bÞ ð2Þ
The weak disposability assumption4 of output set
(y, b) can be modelled as:
ðy, bÞ 2 PðxÞ and 0    1 imply ðy, bÞ 2 PðxÞ ð3Þ
In words, this assumption implies that given a fixed
level of inputs, a reduction in bads is feasible only
when the goods are also simultaneously reduced. On
the other hand, good outputs may be reduced without
the reduction of the bad outputs. Free disposability
of good outputs is formally:
ðy, bÞ 2 PðxÞ and y0  y imply ðy0, bÞ 2 PðxÞ ð4Þ
Equations 3 and 4 together model the asymmetry
between the good and bad outputs where goods are
freely disposable while the bads are not. On the other
hand, the assumption of null-jointness implies that no
desirable outputs can be produced without producing
any undesirable outputs. This idea of joint produc-
tion of good and bad outputs can be modelled as:
if ðy, bÞ 2 PðxÞ and b ¼ 0 then y ¼ 0 ð5Þ
In addition to the assumptions on the joint produc-
tion of good and bad outputs, we may also impose
some restrictions over the output set P(x). To model
the idea that zero inputs yield zero outputs we have:
Pð0Þ ¼ f0, 0g ð6Þ
Moreover, given finite inputs, only finite outputs can
be produced. Formally:
PðxÞ is compact for each x 2 RNþ ð7Þ
The final assumption on output set P(x) is:
PðxÞ  Pðx0Þ, x  x0 ð8Þ
This assumption imposes free disposability of inputs,
which essentially implies that if inputs are increased
then outputs do not decrease.
Following Färe et al. (1994), we may formulate an
activity analysis or DEA. We assume that there are
K observations on inputs and outputs, where
k indexes each individual observation such that
fðxk, yk, bkÞ : k ¼ 1, . . . ,Kg. Using this data, we con-
struct an output set that holds for every period and
satisfies our previous assumptions. Formally, we have:
PðxÞ ¼ fðy, bÞ :
XK
k¼1
zkykm  ym, m ¼ 1, . . . ,M,
XK
k¼1
zkbki ¼ bi, i ¼ 1, . . . , I,
XK
k¼1
zkxkn  xn, n ¼ 1, . . . ,N,
zk  0, k ¼ 1, . . . ,Kg
ð9Þ
where the non-negative zk are the intensity variables
(weights) assigned to each observation when
constructing the production set. The inequality
constraint on the good output y ¼ ðy1, . . . , yMÞ 2
RMþ in (9) states the assumption of free disposability,
which implies that desirable outputs can be disposed
off without the use of any inputs. If we consider
the joint production of undesirable outputs
b ¼ ðb1, . . . , yIÞ 2 R
I
þ with desirable outputs, we
should impose the weak disposability condition that
satisfies the assumption introduced in (3) by choosing
an equality sign for the relevant constraint. To satisfy




bki > 0, i ¼ 1, . . . , I, ð10Þ
4 For a detailed exposition on the assumptions of production frontiers, one can refer to Chung et al. (1997) or Shephard and
Färe (1974).



































bki > 0, i ¼ 1, . . . ,K, ð11Þ
The inequality (10) states that each undesirable or
bad output is produced by some individual sample k.
On the other hand, (11) implies every k produces at
least one bad output. We may further illustrate null-
jointness by assuming that each bi¼ 0, where
i¼ 1,. . . , I. Then each intensity variable zk in (9) will
be zero, implying that all the desirable good outputs
ym must be zero. Therefore, these two restrictions can
be used to determine whether a particular data set
satisfies null-jointness of desirable and undesirable
outputs. Imposing this assumption, our application
will not include the data that violate the null-
jointness.
Further, the non-negativity of intensity variables in
(9) implies that the production technology exhibits
constant returns to scale. That is
PðXÞ ¼ PðxÞ,  > 0 ð12Þ
Environmental performance index
Following Zaim et al. (2001), the environmental
performance index employed in this article is the
ratio of two indices, namely, good output quantity
index and bad output quantity index. This index
employs sub-vector distance functions since it scales
the good and bad outputs separately. It also satisfies
the desirable properties such as closedness and
convexity due to Färe and Primont (1995). We
formally define a sub-vector distance function for
good outputs as:
Dyðx; y; bÞ ¼ inff : ðx; y=; bÞ 2 T g ð13Þ
which holds the inputs and bad outputs fixed and
expands the good outputs as much as it is feasible.
Note that it is also homogeneous of degree þ1 in y.
Keeping this notation in mind, let x0 and b0 be given
inputs and bad outputs, then taking the ratio of two
distance functions, good output quantity index
compares two output vectors yk and yl. Hence,
quantity index for the goods is:
Qyðx





On the other hand, the quantity index of bad
outputs is constructed using an input distance
function approach. The input-based distance function
for bad outputs is:
Dbðx, y, bÞ ¼ supf : ðx, y, b=Þ 2 Tg ð15Þ
which is homogeneous of degree þ1 in bad outputs
and is defined by finding the maximal contraction in
undesirable outputs. Given (x0, y0), the quantity
index of bad outputs can be computed as the ratio
of two distance functions:
Qbðx





Finally, the environmental performance index
defined is the ratio of Equations 16 and 14, i.e.:
Pk:lðx0, y0, b0, yk, yl, bk, blÞ ¼
Qbðx
0, y0, bk, blÞ
Qyðx0, b0, yk, ylÞ
ð17Þ
III. Data and Discussion of Results
The resource constraint (inputs) in constructing the
environmental performance index is represented by
net fixed standardized capital stock and labour
(number of employed workers), whereas the out-
puts are GDP (PPP adjusted with 1996 prices),
industrial carbon dioxide (CO2), nitrogen oxide
(NOx) and organic water pollutant emissions. The
data on capital stock, labour and GDP are
compiled from a recent data set (Marquetti,
2002). World Development Indicators (World
Bank, 2002) is the source for CO2 and organic
water pollutant emissions data, whereas the data
for NOx emissions
5 are compiled from the World
Marketing Database (Euromonitor, 2002). Carbon
dioxide and nitrogen oxide emissions from indus-
trial processes are those arising from the burning
of fossil fuels. They include contributions to CO2
and NOx produced during consumption of solid,
liquid, gas fuels and gas flaring. Emissions of
organic water pollutants are measured by biochem-
ical oxygen demand, which refers to the amount of
oxygen that bacteria in water will consume in
breaking down waste. This is a standard water
treatment test for the presence of organic pollu-
tants. The annual data set includes 28 OECD
countries. Slovak Republic and Czech Republic are
excluded due to the unavailability of the data
for these countries. The time period considered is
16 years, from 1983 to 1998.
5 Carbon dioxide emissions are measured in ‘000 kt. Nitrogen oxide emissions are measured in ‘000 kt. Organic water pollutant
emissions are measured in ‘000 kg per day. Interpolation techniques are used to fill the missing values.
































In constructing the environmental performance
indices, previous studies6 assign a reference country
so as to construct a benchmark technology and then
compute the distance of other observations from the
reference observation. This technique assesses the
performance of the countries relative not to average
but to a particular country. Moreover, the reference
country takes the value of unity for all time periods
for the index computed, which means to exclude the
performance of the reference country. To overcome
this shortcoming, we start our analysis by creating a
hypothetical country. The data for the hypothetical
country is simply calculated by taking the average of
each variable for all sample OECD countries.
Assigning the hypothetical country as our reference,
we are able to compute the environmental perfor-
mance of OECD countries relative to the average
performance.
Although our data set includes three undesirable
outputs, we employed the pollutant data as pairs and
computed environmental performance indices that
incorporate NOX and CO2, NOX and organic water
pollutant and CO2 and organic water pollutant
emissions, respectively. The main reason for employ-
ing the pollutant data as pairs is our effort to reduce
the number of infeasible solutions. As the number of
time periods and variables in the linear programming
problems increase, one should also expect a simulta-
neous increase in the number of infeasible solutions.7
To overcome this issue as much as possible, following
Färe et al. (2001), we assumed that each year’s
technology is determined by observations on inputs
and outputs of current and past two periods.
Moreover, the data being evaluated are also chosen
to be 3-year moving averages in order to smooth the
data and reduce the number of infeasible solutions.
In order to compute the environmental perfor-
mance index, we need to solve two linear program-
ming problems by employing DEA methodology.
Assuming that j¼ 0 refers to the associated quantities
of hypothetical country and letting k¼ 1, . . . ,K
to index the countries in our sample, for each



























n n ¼ 1, . . . ,N
zk  0 k ¼ 1, . . . ,K
ð18Þ
which constitutes the numerator for Qyðx
0, b0, yk, ylÞ.
The denominator is computed by replacing yk
0
on the
right hand side of the good output constraint with the
observed output for the hypothetical country (y0).
This problem constructs the best practice frontier for
each sub-period and computes the scaling factor on
good outputs required for each observation to attain
best practice.
On the other hand, the quantity index of bads can
be computed by solving the following problem for


























n n ¼ 1, . . . ,N
zk  0 k ¼ 1, . . . ,K
ð19Þ
This problem constitutes the numerator for
Qbðx
0, b0, yk, ylÞ. The denominator is computed by
replacing bk
0
on the right hand side of the bad output
constraint with the observed bad outputs for the
hypothetical country (b0). Similar to the quantity
index of goods, this problem constructs the best
practice frontier and computes the scaling factor on
bad outputs required for each observation to attain the
best practice.
In Table 1,8 we report the environmental perfor-
mance index that incorporates both NOX and
6 See, for example, Färe et al. (2004) and Zaim et al. (2001). Färe et al. (2004) use a lattice approach to create a reference
country. However, our approach is let us to evaluate the individual performances of our countries compared to that of an
‘average country’. We thank an anonymous referee for pointing this out.
7 For further discussion on infeasible solutions on linear programming problems, see Färe et al. (2001).
8 Country codes are as follows: AUS: Australia, AUT: Austria, BEL: Belgium, CAN: Canada, DNK: Denmark, FIN:
Finland, FRA: France, GER: Germany, GRC: Greece, HUN: Hungary, ISL: Iceland, IRL: Ireland, ITA: Italy, JPN: Japan,
KOR: Korea, LUX: Luxembourg, MEX: Mexico, NLD: Netherlands, NZL: New Zealand, NOR: Norway, POL: Poland,
PRT: Portugal, ESP: Spain, SWE: Sweden, CHE: Switzerland, TUR: Turkey, GBR: Great Britain, USA: United States.


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CO2 emissions. It should be indicated
that, figures >1 (<1) represent a better (inferior)
performance with respect to the hypothetical country.
Note that hypothetical country takes the value of
unity for all years and all indices and is not reported
in the tables. Taking a quick glance at Table 1 which
reveals that Poland, Australia, Canada and USA are
among the best performers and have kept their
position over the time period considered. On the
other hand, Switzerland, Japan, Austria and France
ranked among the worst for the period 1983 to 1998.
It is observed that on average, environmental
performance of the sample countries has decreased
approximately 7% to 13% for the time span
considered. It should also be stated that environ-
mental performance index could not be computed for
Iceland because of the infeasible solutions.9
Table 2 presents the environmental performance
index that incorporates NOX and organic water
pollutant emissions. We observe that over the time
period, Poland, Iceland, Portugal and Hungary are
the best performers. One of the best performers in
Table 1, namely Australia is among the worst
performers in Table 2, along with Italy, Mexico and
Switzerland. According to Table 2, OECD countries
present a significant performance in environmental
management (8–11% per annum on average).
Finally, in contrast to Table 1, environmental
performance index could not be computed for Japan.
In Table 3, we report the environmental perfor-
mance index that incorporates CO2 and organic water
pollutant emissions. One can clearly recognize that as
in Table 1, environmental performance index for
Iceland could not be computed. Surprisingly,
although we employed different pollutant emission
pairs, Poland is the best performer for all years like in
Tables 1 and 2. One can also see that Hungary,
Luxembourg and Korea are among the best achie-
vers. The worst performers in Table 3 are Mexico,
Switzerland and Italy. Overall, this index reveals an
approximately 2% decrease in the environmental
performance for the period 1992 to 1998 while for the
rest of the years it reveals an approximately 1%
increase on average.
Taking relatively low-income countries into pic-
ture, the results revealed by our environmental
performance index that incorporates different pollu-
tant pairs and the ones reported by the traditional
measures which attempt to assess the environmental
performance by simply computing emissions per
GDP, are generally in line. For example, the most
recent OECD report (2004) on selected environmen-
tal indicators ranks Poland and Hungary among the
best as our environmental performance indices have
suggested. However, when it comes to relatively high-
income countries, this fact does not hold. In contrast
to our measure, the OECD report (2004) ranks USA
and Australia among the worst. This result was
expected since traditional measures ignore the fact
that aggregate environmental degradation is a con-
sequence of production process and hence, weak
disposability assumption10 introduced in (3) should
be imposed to construct reliable measures.
To present a clear exposition, the quantity indices
for undesirable outputs are also reported in appendix
tables. Since the environmental performance index is
the ratio of bad quantity index over good quantity
index, the exact numbers can easily be computed
for respective quantity indices for desirable
outputs. These tables are useful as they highlight
the undesirable output production of respective
country. For example, when comparing Table 1
with Table A1, we observe that although USA has
incredibly high CO2 and NOx emissions, it is still
making an environmentally efficient performance
because of its superior performance in the production
of desirable goods.
IV. Empirical Analysis
In our empirical analysis, we investigate the country-
specific variables that may affect environmental
performance. Our explanatory variables are GDP
per capita (GDPC), share of manufacturing in GDP
(MANSHARE), population density (POPDEN) and
regulation. Regulation is a dummy variable which
takes the value of unity for the year that the sample
country has ratified the United Nations Framework
Convention on Climate Change (1992) and there-
after.11 It should be noted that starting from 1992, all
9 Infeasible solutions are denoted in the tables by INF.
10 Especially in regulated environments, where production units are required to clean up the undesirable outputs, one has to
treat undesirable and desirable outputs asymmetrically in terms of their disposability characteristics. Even in the absence of
regulations, the same claim may hold because of the increased environmental consciousness in the society.
11UNFCCC is declared to reduce global emissions. The ‘precautionary approach’ the article 3 of UNFCCC calls for a
production plan that is least detrimental to environmental quality. That is among many input, output and pollution emission
combinations, the production plan that maximizes the desirable outputs while simultaneously minimizing undesirable outputs
is more favourable. The building blocks of our environmental performance index are in accordance with this statement.



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































the countries in our sample have ratified this
convention until 1996 with an exception of Turkey
which has ratified the convention in 2002. The square
of GDPC and MANSHARE are also included in
order to depict any quadratic relationship between
environmental performance and these variables. The
source for the explanatory variables except the
regulation dummy is World Development Indicators
(World Bank, 2002).
Under two alternative specifications (fixed effects
and random effects models), Table 4 provides
parameter estimates of the relevant regressions for
all environmental performance indices computed.
The choice between random effects and fixed effects
model can be made using the Hausman test which has
an asymptotic 2k1 distribution. The parameter
estimates, which are all significant at conventional
levels, suggest a quadratic relationship between
environmental performance and the two independent
variables MANSHARE and GDPC except for the
case when our dependent variable is the environ-
mental performance index that incorporates NOX
and organic water pollutant emissions. The quadratic
relationship between environmental performance and
MANSHARE is inverse U type with a turning point
of approximately 0.20. This suggests that, if the share
of manufacturing in GDP increases beyond 20%,
there would be a downward trend in environmental
performance. On the other hand, positive and
statistically significant coefficient of the regulation
variable implies an upward pressure on environmen-
tal performance of the OECD countries that ratified
the United Nations Convention on Climate Change
to reduce air pollution emissions.12 Finally, negative
and highly significant coefficient of POPDEN implies
that densely populated OECD countries are more
likely to exhibit poor environmental performance in
reducing their NOX and water pollutant emissions.
At a more fundamental level, one would consider
how the findings of this article may relate to
environmental Kuznets curve hypothesis. In a short
note, Yörük and Zaim (2006) use the results of this
article to establish an environmental Kuznets curve
relationship between environmental performance and
income. They found that Kuznets curve achieves its
maximum at relatively high per capita income levels
($26 973 and $33 677 under different specifications)
suggesting that even most of the industrialized
countries are not necessarily adhering to environ-
mental standards and their environmental
conditions are deteriorating with economic growth.
However, once the stated income levels are reached,
concerns about environment become increasingly
pronounced and necessary regulations take place to
reduce relevant emissions to desirable levels.
V. Conclusion
This article is aimed to measure the environmental
performance of all but two OECD countries. Using
nonparametric techniques, we proposed an environ-
mental performance index by adopting a well-
established methodology in a series of recent papers
(Zaim et al., 2001; Färe et al., 2004; Zaim, 2004). This
index relies on the computation of the distance
functions within a DEA framework and allows one
to evaluate how much good output is produced per
bad output.
We computed three different environmental per-
formance indices that employ different pollutant
emission pairs. Although the ranking and environ-
mental performances of countries differ over time and
according to the pollutants considered, it is found
that Poland and Hungary are the best performers for
all indices, while Italy, Japan, Austria and
Switzerland are among the worst. It should also be
noted that environmental performance index that
incorporates NOX and organic water pollutant
emissions reveals significantly higher environmental
performance figures than other indices. The results
showed that some industrialized and well-developed
countries are ranked among the worst in terms of
their environmental efficiency. We also noted that
when we consider relatively low-income countries, the
results revealed by our environmental performance
index that incorporates different pollutant pairs and
the ones reported by the traditional measures which
attempt to assess the environmental performance by
computing emissions per GDP are generally in line.
However, when it comes to relatively high-income
countries, this result does not hold.
We also investigated a set of country-specific
variables that may possibly affect environmental
performance. We found that as the share of
manufacturing in GDP increases beyond 20%, there
is a downward trend in environmental performance.
On the other hand, positive and statistically signifi-
cant coefficient of the regulation variable implies an
12Yörük and Zaim (2005) and Yörük (2006) show the positive effect of UNFCCC on productivity growth measures that
incorporate negative externalities. However, they do not address the effect of UNFCCC on environmental performance.






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































upward pressure on environmental performance of
the OECD countries, which ratified the United
Nations convention on climate change to reduce the
air pollution emissions.
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Zaim, O., Färe, R. and Grosskopf, S. (2001)
An economic approach to achievement and
improvement indexes, Social Indicators Research, 56,
91–118.



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































822 B. K. Yörük and O. Zaim
D
ow
nl
oa
de
d 
by
 [
B
ilk
en
t U
ni
ve
rs
ity
] 
at
 0
5:
37
 0
9 
N
ov
em
be
r 
20
17
 
